Abstract. The Japanese serow, Capricornis crispus, is an indigenous species to Japan. It has been strictly protected for nearly half a century, whereas culling for control has been permitted in some areas since the late 1970s. In order to investigate the intraspecific genetic diversity of the Japanese serow, a study on the mtDNA control region was conducted. In the present study, the complete nucleotide sequences of the control region (1031 bp) and its flanking proline tRNA gene (65 bp) from six serows were determined. In total, ten variable sites were observed in control region sequences, resulting in four different haplotypes. All of the substitutions among these haplotypes were transitions. Central, left and right domains of the control region were identified by comparison with cow sequences. Conserved sequence block-1 (CSB-1) and a polypyrimidine tract were also identified in the right domain. Two tandemly repeated sequences of 76 bp were found in the left domain. These features were compared with four Caprinae species. Sequences of the central domain, CSB-1 and polypyrimidine tract were homologous among them. The copy number of tandem repeat units varied among species. The estimated genetic distances suggest that the Formosan serow is probably a distinct species from the Japanese serow.
The Japanese serow, Capricornis crispus (Temminck, 1845) , is an indigenous species to Japan. It is a monogamous bovid and a typical solitary forest-dweller inhabiting mountainous areas in the three main islands of Japan, namely, Honshu, Shikoku, and Kyushu Is.
The genus Capricornis is considered as one of the most primitive in subfamily Caprinae, belonging to tribe Rupicaprini (Simpson 1945) . Within the tribe Rupicaprini, serows and gorals have been assigned to separate genera (Dolan 1963; Mead 1989; Nowak 1999) , Capricornis and Naemorhedus, although they are closely related. Groves and Grubb (1985) suggested that these two groups, serows and gorals, should be assigned to one genus, Naemorhedus. Some authors have followed this opinion (Corbet and Hill 1992; Grubb 1993) .
The genus Capricornis includes three species, C. sumatraensis (serow), C. crispus (Japanese serow), and C. swinhoei (Formosan serow) (Simpson 1945; Nowak 1999) . The distribution of the serow is from northwestern India to southeastern China, Indochinese Peninsula and the island of Sumatra. The Formosan serow, which occurs only in the island of Taiwan, is sometimes treated as a subspecies of the Japanese serow (Dolan 1963; Corbet 1978) , but is also considered a distinct species (Groves and Grubb 1985; Corbet and Hill 1992) . In either case, the Formosan serow has usually been regarded as more closely related to the Japanese serow than to the serow. Recently molecular phylogenetic studies using mtDNA cytochrome b gene region showed that the Formosan serow is probably a sister species of the serow, and is neither a subspecies of the Japanese serow nor a sister species (Chikuni et al. 1995; Min et al. 2004 ). New evidence is necessary to clarify the intrageneric relationships among the three Capricornis species.
The Japanese serow was designated as a "Natural Monument of Japan" by the Japanese Government in 1934, and in 1955 its status was raised to a "Special Natural Monument" because of continuous poaching. Subsequently, due to strict protection, the Japanese serow has rapidly recovered its numbers in most of Honshu. As a result of the recovery, damage to planted trees and crops caused by this species became a social problem in the 1970s. This was the first case of severe conflict with wildlife conservation in Japan. The Japanese Government has taken some conservation measures since the end of the 1970s. On the other hand, culling for control has been permitted in some areas under special license from the Government (Maruyama et al. 1997) . At the present time, the Japanese serow population is not threatened on the island of Honshu, whereas on the other two islands of Shikoku and Kyushu most of the local populations are still small and isolated.
A large number of studies have been published on the biology of the Japanese serow, but the current status of each local population has not been sufficiently investigated for management.
A molecular genetic approach may provide reliable information on the genetic diversity between and within species. In particular, mitochondrial DNA (mtDNA) is a useful genetic marker for studying recently diverged species and intraspecific populations because it is maternally inherited (Giles et al. 1980; Wilson et al. 1985) with no recombination and its mutation rate is about ten times faster than that of single-copy nuclear DNA (Brown et al. 1979) . Especially, the control region (or the D-loop region) is the most variable region in the mammalian mtDNA genome. This non-coding region is characterized by rapid change in sequence and length (Saccone et al. 1991) . Hence, the mitochondrial control region is an ideal marker for characterizing the structure of intraspecific genetic variation within and among local populations. Recently the number of studies on the genetic information of mammalian populations using the control region has been increasing (e.g. Arctander et al. 1996; Matsuhashi et al. 1999; Matthee and Robinson 1999; Nagata et al. 1999; Birungi and Arctander 2000; Yoshida et al. 2001; Watanobe et al. 2003; Marmi et al. 2004) .
Control region sequences will provide useful information on the genetic diversity of the Japanese serow populations. But there has been little work on the genetic information of the Japanese serow populations, and no information on the mtDNA control region, although Min et al. (2004) presented preliminary data on intraspecific variation of the mtDNA cytochrome b gene sequences. Because the cytochrome b gene encodes a protein, its sequence is generally more constrained than the noncoding control region. It thus shows less variation than the control region. When intraspecific genetic variation is investigated, the cytochrome b gene is used as a molecular marker suitable for identifying variation at a broader scale than the control region. Min et al. (2004) recognized five different haplotypes of partial cytochrome b gene sequence among 16 Japanese serows, which were collected from northeastern and central Honshu Is., and from Kyushu Is.
In order to investigate the genetic diversity of local populations of the Japanese serow, a study on the mtDNA control region was conducted. In the present study, the complete control region and its flanking proline tRNA gene sequences are determined, and some features of the control region, i.e. well-conserved and variable domains, conserved sequence blocks (CSBs) and tandem repeats, are discussed in comparison with Caprinae species. The genetic distances between the Japanese serow and the Formosan serow are estimated.
Materials and methods

Sample collection and extracting DNA
Liver tissue samples from six Japanese serows were collected at Kiso-fukushima Town in Nagano Pref., central Honshu in 1997 (Table 1 , Fig. 1 ). Because the Japanese serow is designated as a "Special Natural Monument" species by the Japanese Government, the hunting of serows is prohibited. All of these samples were taken from animals culled by the local government under special license from the Japanese national government. Serows were shot at the appointed capture areas of 50-100 hectares which were mainly covered by plantation forests of Hinoki cypress Chamaecyparis obtusa. After collection, fresh tissue was preserved in 99.5% ethanol and subsequently stored at -20°C or -80°C. Total DNA (i.e. genomic and mitochondrial) was extracted from tissues using QIAamp DNA Mini Kit (QIAGEN, Cat. No. 51304) .
Direct sequencing of the mtDNA control region using PCR To amplify and/or sequence the mtDNA control region of the Japanese serow, seven newly designed primers were used (Table 2, Fig. 2 ).
Two primers, LS-1 and HS-3, were designed by referring to the published primers and flanking tRNA gene sequences of artiodactyls (Anderson et al. 1982; Kocher et al. 1989; Zardoya et al. 1995; Takada et al. 1997; Nagata et al. 1998 ) and human (Anderson et al. 1981) . LS-1 and HS-3 are located in the upstream threonine tRNA gene region and in the downstream phenylalanine tRNA gene region respectively (Fig. 2) . With the primer pair LS-1/HS-3, symmetric PCR (Kocher et al. 1989) was performed using a PCR reagent kit (Takara Shuzo Co. Ltd.) in order to amplify double-stranded DNA of the target region. One microliter of the DNA extract was subjected to PCR amplification in a total volume of 50 µl of a reaction mixture including 10 mM Tris-HCl buffer (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , each dNTP at 0.2 mM, 1.25 U of Taq DNA polymerase, and each primer at 0.25 µM. The thermocycler programs for PCR amplification were as follows: denaturation for 5 min at 97°C was performed before the cycle reaction, and each cycle consisted of 1 min at 94°C for denaturation, 30 sec at 56°C for annealing, and 30 sec at 72°C for extension. After 25 cycles, the reaction was completed without further incubation.
Using the double-stranded PCR product as a template, dideoxy terminator cycle sequencing was performed at first with the primer LS-1 and with HS-3 respectively. The BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (Applied Biosystems, Part No. 4303152) was used according to the manufacturer's instructions. The sequences of DNA labeled with dye-terminators were read using the ABI PRISM 310 Genetic Analyzer (Applied Biosystems). From partial sequences obtained and the published sequences of artiodactyls (Anderson et al. 1982; Zardoya et al. 1995; Takada et al. 1997) , several specific primers for the mtDNA control region sequences of the Japanese serow were newly designed and tested for sequencing. Finally, five primers, LS-3, LS-6, LS-7, HS-5, and HS-7, were used for sequencing (Table 2, Fig. 2 ).
Comparison with additional mammalian sequences
Sequence comparisons among control regions in several mammalian species allowed the identification of a well-conserved central domain with two more variable flanking left (5'-end) and right (3'-end) domains, and three conserved sequence blocks (CSBs) in the right domain (Walberg and Clayton 1981; Brown et al. 1986; Saccone et al. 1991) . In order to identify these domains and CSBs, determined control region sequences of the Japanese serow were compared with cow (Bos taurus) sequences from Saccone et al. (1991) .
The complete control region sequences of the Japanese serow were also compared with sequences from four Caprinae species, i.e. the Formosan serow (Capricornis swinhoei), bezoar (Capra aegagrus), goat (C. hircus), and sheep (Ovis aries). The Formosan serow sequence used in the present study was reported in Horng et al. (2003) , which adopted Naemorhedus as the genus for serows. The bezoar and goat sequences were reported in Takada et al. (1997) , and the sheep sequence was in Zardoya et al. (1995) . These sequences used here have 
Results and discussion
Nucleotide sequences of the Japanese serow control region
With the primer pair LS-1/HS-3, double-stranded DNAs of about 1100 bp containing the mtDNA control region and its flanking proline tRNA gene were successfully PCR amplified from six serow samples. Using PCR product direct sequencing with seven primers, complete nucleotide sequences of the control region (1031 bp) and the proline tRNA gene (65 bp) were determined. The Japanese serow control region sequence is 60% A+T-rich, and its size is larger than the 910 bp cow equivalent, whereas considerably smaller than those in Caprinae species, e.g. 1124 bp in the Formosan serow, 1213 bp in bezoar, 1212 bp in goat, and 1189 bp in sheep. The differences in base length are mainly due to length variations at the left domain.
In total, ten variable sites were observed in control region sequences from six samples, resulting in four control region haplotypes, i.e. Kiso-a, Kiso-b, Kiso-c, and Kiso-d (Table 1, Fig. 3 ), whereas all of the proline tRNA gene sequences were identical. All of the substitutions among these haplotypes are transitions (A«G or C«T).
The newly determined nucleotide sequences reported here have been deposited in the DDBJ/EMBL/GenBank nucleotide sequence databases with the accession numbers AB055687 (Kiso-a), AB055688 (Kiso-b), AB055689 (Kiso-c), and AB125256 (Kiso-d).
Identification of central domain
239 bp (nucleotide positions 459-697) of the Japanese serow control region was identified as the central domain by comparison with cow sequence. Only one variable site among four haplotypes was found at nucleotide position 464 in this central domain (Fig. 3) . In the present study, central domains were also identified in the control region sequences of the Formosan serow, bezoar and goat. An alignment of central domains of cow and five Caprinae species is shown in Fig. 4 . The central domain sequences of the Japanese serow show similarities of 91% with cow, and higher similarities (92-96%) with the other four Caprinae species (Table 3) .
Right domain and CSBs
In the right domain, three conserved sequence blocks (CSBs) have been identified in most vertebrates (Walberg and Clayton 1981) . The CSB-1 motif has been found commonly in mammals, whereas the CSB-2 and CSB-3 motifs have been controversial in artiodactyls and cetaceans. Saccone et al. (1991) wrote that CSB-2 was restricted to a run of only five Cs in cow, and CSB-3 was completely absent in cow and dolphin. Zardoya et al. (1995) found a polypyrimidine tract localized between CSB-1 and the phenylalanine tRNA gene in sheep, and suggested that the polypyrimidine tract might be a common property of artiodactyl species. On the other hand, Ghivizzani et al. (1993) suggested that CSB-2 and CSB-3 elements in most vertebrates became a hybrid sequence which contained two spaced runs of C residue in the cow, and in all artiodactyls except Suidae. They labeled this sequence "CSB-2 + 3".
In the right domain (nucleotide positions 698-1031) of the Japanese serow, a motif of 26 bp (nucleotide positions 814-839) was identified as the CSB-1 by comparison with cow sequences. Also, a polypyrimidine tract sequence containing runs of C residue was found at nucleotide positions 874-893 downstream of CSB-1. Homologous sequences of CSB-1 and a polypyrimidine tract were also identified in the four other Caprinae species. The part of the mtDNA control region alignments containing the CSB-1 and CSB-2 motifs (or polypyrimidine tract) is shown in Fig. 5 . CSB-1 motifs were well-conserved among these six species. Sequence similarities of CSB-1 motifs among them are shown in Table 3 . The polypyrimidine tract regions seem to be well-conserved among the five Caprinae species, and are similar to some extent to CSB-2 in dolphin shown in Saccone et al. (1991) . But the cow "CSB-2 + 3" region indicated by Ghivizzani et al. (1993) does not seem to show as high similarity to the five Caprinae species as it showed to giraffe and water buffalo in the article. 
Left domain and tandem repeats
The left domain is characterized by high substitution rates in most mammalian species. In the Japanese serow, nine of ten variable sites among four control region haplotypes were found in the left domain (nucleotide positions 1-458) (Fig. 3) . The proportion of variable sites was 2.0% in 458 bp of the left domain, whereas only one (0.4%) variable site was observed in 239 bp of the central domain, and none in 334 bp of the right domain.
There have been a number of reports of tandemly repeated sequences in mammalian control regions (reviewed in Fumagalli et al. 1996) . Tandem repeats in the left domain have been reported in sheep (Zardoya et al. 1995; Wood and Phua 1996) , sika deer (Douzery and Randi 1997; Nagata et al. 1998; Cook et al. 1999) , and evening bat (Wilkinson and Chapman 1991) , whereas in some other species tandem repeats have been found in the right domain (e.g. green monkey in Karawya and Martin 1987; rabbit in Mignotte et al. 1990; platypus in Gemmell et al. 1996) .
In the present study, two tandemly repeated sequences of 76 bp were found at nucleotide positions 194-269 and 270-345 in the left domain of the Japanese serow (Fig. 2) . The arrangement and motif of the repeat sequences are similar to four tandem repeats of 75 bp reported in sheep (Zardoya et al. 1995; Wood and Phua 1996) . In these articles, the repeat units were described differently in length and position, but in fact these repeats are identical. Sequences that are homologous to the tandem repeats of the Japanese serow were also identified in the control region sequences of the Formosan serow, bezoar and goat. Three and two tandem repeats were recognized in the Formosan serow and two Capra species respectively. These homologous tandem repeat (TR) units from the Caprinae species are shown in Fig.  6 , and the sequence similarities among them are shown in Table 4 . Sequence similarities between two tandem repeat units in the Japanese serow (Kiso-a) were comparatively low (80%), whereas extremely high (97-99%) among four units in sheep. These results indicate that the divergence time of the tandem repeat in the Japanese serow is probably much longer than that in sheep. The first tandem repeat unit (TR-1) of the Formosan serow showed rather low sequence similarities (71-79%) not only with two other units of the Formosan serow but also with all units of the other species. This probably means that the TR-1 of the Formosan serow occurred long before another repeat unit (TR-2 or TR-3) was generated. On the other hand, sequence similarities between the same units of bezoar and goat were extremely high (99%), as was the whole control region sequence similarity (99% in 1212 bp) between these two species. This indicates that bezoar and goat must be extremely closely related species, as Takada et al. (1997) showed.
All of these repeat units contain two short sections of mirror symmetry (TACAT, ATGTA) (Fig. 6 ). In the Japanese serow, they are located at nucleotide positions 194-212 and 225-239 in the first repeat unit (TR-1), and . Part of the mtDNA control region alignment in six species, containing CSB-1 and CSB-2 motifs (or polypyrimidine tract). Shadowed sequences (I) are CSB-1 motifs in six species. Shadowed sequences (II) are CSB-2 motif from the cow, identified in Saccone et al. (1991) , and polypyrimidine tracts in sheep and in other four Caprinae species, identified in Zardoya et al. (1995) and in the present study, respectively. An open box in the cow sequence indicates the "CSB-2 + 3" region in Ghivizzani et al. (1993) . Dashes denote spaces for alignment.
at corresponding positions in the second unit (TR-2). Although the left domain is characterized by high substitution rates, and sequence similarities varied among these tandem repeat units as stated above, these short sections were extremely conserved among these five Caprinae species, and also among the four haplotypes of the Japanese serow. No substitution was found in these mirror symmetry sequences (TACAT, ATGTA) except for only one substitution in TR-1 of the Formosan serow (Fig. 3, Fig. 6 ). These short sections were thought to be able to form very stable hairpin loops which might be involved as a recognition site for the arrest of H-strand synthesis (Saccone et al. 1991) . Results in the present study indicate the functional importance of these short sections of mirror symmetry sequences.
In sika deer, tandem repeat units of 37-40 bp at similar positions in the left domain were recognized, and the copy number of repeat units varied from three to seven among local populations (Nagata et al. 1998 (Nagata et al. , 1999 Cook et al. 1999 ). This variation caused intraspecific size polymorphism of the control region in sika deer. In the present study, no variation of the copy number of 76 bp repeat units was observed in the six Japanese serow samples. Further investigation based on more samples from various localities is necessary to clarify the intraspecific variation in the Japanese serow.
The genetic distances between the Japanese serow and the Formosan serow
The genetic distances of the complete control region among the Japanese serow haplotypes and the Formosan serow were estimated by Kimura's two-parameter method. The estimated distances between the Japanese serow haplotypes and the Formosan serow ranged 11.95-12.31%, whereas the distances among four Japanese serow haplotypes ranged 0.10-0.78%. Loftus et al. (1994) estimated the substitution rate between bison and cattle at 10.62% per 1 million year (Myr), using more variable short sequence (375 bp) of the control region. Since the complete control region contains more conserved sequences, the substitution rate of the complete control region will probably be lower than the rate estimated by Loftus et al. (1994) . The estimated genetic distances indicate that the divergence time between the Japanese serow and the Formosan serow is probably much longer than 1 Myr. Further discussion on the relationship among three Capricornis species may not be possible because no sequence data for the serow (C. sumatraensis) control region is available. At least, the estimated genetic distances and the existence of three tandem repeat units suggest that the Formosan serow is probably a distinct species from the Japanese serow. Since species definition should not rely solely on molecular data, reexamination of the taxonomy of Capricornis species should be carried out by further morphological and ecological studies.
